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Shutwring ●ffiaionoioa of nanosecond-qatod photoamiomiva shuttar tubas

Oaorgo J. Y4t08 ●d Strom A. Jaramillo.,

Phymiaa Divioion, Univsrmity of California, Lo8 Ala.mo8, National Laboratory
Group P-15, klail Stop D406, P.O. 80X 1663, X.es Al-s, N9w ~XiCO B7545

●nd

Thomas S. Pagano and J. Pmul Black

BGbG Inc., Enaruv F4aa8uromanta Division
Santa Barbmra 0paration8 ●nd Kirtland Oporationm

Abstract.—

Rooant ntudioa ●how that ●ffoctivo ●huttorirq of photoomiuaivo tubas, such ●- Silicon-
Intsntifiod-Tarqct Vidiuunfi (SITW) and Hicrochannol-plato IfRag. Intonsifiar Tub9a (MCPT-),
can vary widely dopondin~ upm tha ●xtont of their opacity to ● input flux of photona.
Optical f~odthrough ●ignala from ~;:on tr.n 8mia8ion throuqh tho photocathodo to th, target
or phonphor ranging from 10-4 to (when comparod with gatad signals) waro msa urod for
● lmrgc ●amplinq of eommarically ●vailabla units. !!Effoctivo shutter ratioa of 10 to 108
masurod for unito oparatod in quioacontly dark ●nvironmantm can ba ●ubntantially r~ducad
by optical foodthrough. FurthQrmoro, ineffactivo supproaaioa of photoominaion can cauaa
further reductions in ●hutter ratio. Reductions aro “oughly correlated with the ratio of
optical qato duration to light pulso duration. Expar, montation with various thicknosasa
of aluminum depositions on MCPT phosphors ●nd chromium layaring on SITV silioon tarqoto
indicato wbatantial roductiona (2x to 15x] in transmission with minimal incroaton in
threshold voltages raquirod for gain. Thoso rcnulta, togcthor with ●xploratory studios of
●xt~rnal coating of output tibar optic- with tran~miaaion filters ●pactrally matchad to
minimisa foodthrough to P-20 phosphors ●rc roportod.

Introduction

In many ●pplication tha ● shut ●r tubas ●ro cxpoood to tranniont optical scanom that
vary in intonoity ovor ● 10~ to log dynamic rang. ●nd p.r.i.t ..v.r.l ord.rn of magnituda
longar than tho ahutt~r period. To linaarly record tho imago Intansity at various timon
throu~hout ●uch li ht Lmpulsco raquiroa faa

1 k ‘h&~hy;t:yp. of shuttar,
rasponsc ●nd an ●xtinction ratio

outsid~ tho optics qato of Qraat,r than 10 , two ●huttar ratios
●xistl (1) photon ohuttor ratio caupad by tho unintandad transmission of input flux from
tho photoaathod- to tho targat ●nd (2) ●loctron ohuttor ratio which ia tha •ffsctiv~nanc of
thg rwaxn~ bias ●lactric field in suppr~soinq photocathoda ●misaion.

Earlier w roport~d’ maximum dynamic or qatod ●huttor ratio- of > 107 for MCPTS and % 103
for 81TVS oparatod in a dark ●nvironwnt ●nd otimulat~d with dalta ?unction impulnas of
light (500 pa FWNMliqht pulma timo-phaood to coinaidc with 5 na optical qatao). Rafina-
MWnt@of thoss maasuronwnts -how that ●huttor ration ●ho vary with (1) ,imqnitudo of
ravmrm bias umd fOr muppraanion of photocathoda ●miaaion ●nd (2) maqnitudo of MCP or SIT
gain durlnq ●t- tima,

?
Thoso ●ffocts, aombinod with tho Lnt@qrat@d ●ffacts from optical

foadthrouqh n fi~ld applications whora thca~ units aro couplmd to li~ht oan~itiva dovicoo
(th@ CiliCIOn tmqat for SITVD ●nd film, Sb S3 vidicona, CCDO, or CIDO for MCPTS) with broad
●pmtral raspmnso~ makinq it diffiault to ~i.tinqui.h b.twa.n .ignal. produc.d from tr.n.-
mittsd liqht ●nd then- producad from photoalsctrona aro dincusami,

Ua rcportod’” photon ●huttar ratios for gatcd SITVa carlior, Raaantly wo obnorvad
similar

!
robloms for MCPTO. Tha opacit for cavaral ●amplon wao maasurod b uainq a broad-

{ !band CU ●mp to illuminate tha photooat odo whils monitoring tho phosphor w th a radiom~tor,
Tho ●xpsrimontal oat-up io shown in Fi , :.

!
Ths CW lamp (Amariaan Optiaal MO.1 265 with

miorosoopo ions) waa looatad 6-1/2 ino ●n from tho 14CPT photoaathod~. iA l-em circular
●partur~ was usad to maak tha MCPT photocathodo so that itn illuminated ●raa would ba ●qual
to ths input a~rtura for tha EGkO modol S50 Ladiomator.

Tha liqht panatrating tho phosphor was moasursd with th~ radiomgtmr sampling homl buttad
diraotly ●gainst tho 14CPToutput fibar opsic whilo tha photooathod~ wan ●xpoaad.

Tho Optiocl ●norqy of tha CW lamp (iaboiad Input Enor9y in Tabla I) wan maaourod at the
MCPT photoeathoda plsna by ramovinq the MCPT ●nd positioning tha radiomatar manning haad *t



the sama location. A n9utral dmnmity q91atin filtar. ND 4.O. wam
●ourcm ●nd tha radiormter to ●ttmnuaie-tha input light to ● lovol
dynamic rang. of tho r~di~tar. The table mntrima ●re ●ctual raadin~m c~rrmo~d -
104 to ●oeomnt for tho sorios ND.

uqard by
Tha warag. optical powar dmnmity wam ~ 200 -/am for

this data ●at. Thm wwolongth spectrum, mamurad with ● LI-COR mdal LI-1OOO q9ctrOmt.r
ia shown in rig. 2. J!08tintially, what w ●ra rnamuring by thim mathod im ths attenuation
of vimiblm light which oacurs by having tlm J4CPT in th~ light path. Th9 Input/Output
columns of Tablo I show tln ●tta’iuation factor or optical shutter ratio for tha MCPT.
Thoeo ●ttenuation data convortad to aquivalmnt tranmmimmion ●re Data Sat I in Tabla 11.

:~% *J9
t, ,4

insartod Mtwoon tha CM
comoatibla with tha

●

RmJlfjlrjl-,
RAMM:TRIC 1-cm APERTURE

l-cm APERTURE PHOSPHOR
FIBER OPTIC

VISIBLE PHOTON TRAN8MISS1ON TEST SET-UP

Fig. 1. The opaci+iy maasurmnant ●otup
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TM Varimls trannhoion data mar frm 10-4 to 10-s.
tiosial Wlws, w Oan

Bxlaludiag h and hiqh tranm-

?
bly -G d9 that, to an Ot~ Of

typioal 1= NCPToptiaa transmimsian is from 10-s to 10
ham lox betm ●tmutim.

‘5 and~k% ~%#o?to

Tha trwmmiamion fra pbophar to hotoaathodo wan ●laa maaumd on m s
E ~#;” ~:min ● stronqar ●aqular ti~naa in e is dirwtiam with ● few dag-a (approx.

normal (li@lt Xouroa ●sh p
r

dioular w mm pWt00at3Wda) aaua
%

as mush ●a tw Ordara
of magnitude ahanq9 in tran 8aion. Far ttia psrpand.iuular orionta on, tha MjOrity of
sa~l.m (8 of 12) -d Mmr ●ktanuation (2x to 10x) An this dirmtian.

txpari-ntation with varioua thiaknsms.m of ●luminm oxida phosphor aoating to iq~
●ttenuation of ftithreugh without saarifioing too wah gain was parfornd ●t t=. TIM
rasults ●ro ●-riaod in ?ablo 111.
tho Lm

For SIWU tha 8ido of tha siliorm target that faaw

r
baa (phatoaathada ●ida rather than .kron gun ●ida of SIT!?) ham ● thin (hun-

droda o angm~) ahr-tm la~r whioh oarvos so ● aamt- m li~h% barri.r to minimiro
canmitivity to photons. Lay@r thiakn-saoo wora waaurod ●t

w ‘“r”?
Mnufaotura wing ●

qwrtn orymtal omillator and mnaly, ing raaananoan. Tha data for 3 XTW A8 in Table 1X1.

?ablo 11X. MCPT●nd SITV transmission va tarqot macin~ thioknaas

ApproxLIMt
, (R,

t tran8mi8sion
ThLokws (Coatln~+tgt+go oou~lor) &ad voltama romrku

NorMl -. 3X1O-3 3 W -.

l-t •tta~tl -- 4X1O-’ . Al lifted upon

2nd •tta~tl --
●application of HV

6X1O-’ 3.4 KV Uo,d on SN14-311/4
R6D HT.

3rd ●ttmptl -- 1. 5X1O-5 3.7 W Pot yat t@stad in
HCPTgamtry .

SITV-1 ~ 100 % 209 C3KV
61TV-2 200 2 to 46 3 W .-
SXTV-3 700 ~ 1* 3.5 W .-

Tha overall SITV tranmimion,2 -aaur@d fram tho ha
whilo i~ldnating tho photoaathodo with p ~jG*;::b::Ei;;:K~ ;;’EKi~k””t~=Andioatad optiaal ●ttonuati

r
from 3.2n10 to x1O for fiw

ohramim in tha 600 to 900 ram ueva ●ttenuation in tha 10 to io7 ranqa. Tho possibi-
lity of ●se@rnalAy aoattng MCPToutput (phos her) fihr

R
tie oeuploro with narm band

tranmlaoim fiitors ●wotrally matahad to t ● P-30
t.B!?*5k#’s$h

rem faadthrowh ●t
other wav81angthm 18 untir hvomtigation. Vmrioua indam of rafraat~on
mtailla matarialm Analuding ●l-rim omlti ●nd o-m ●ulfida ●d aw Sndou of rafraotlon
dlalaatriom swh ●s m ●siun fluorlds ●ra Wing invostigawd to waluato poeaibls ●andwiah

1“(matal-disloatria--ta ) thlukn-osss bafor~ raaolutlon 1OSSS- baoom too ●omra.

*totnisoion 8woa8t& n.

Tha @tom
P

r brlqhtwm ●m ● funatian of photoaathoda-ta-mlaroahannol ~Lt. voltag. was
wasumd w ng ● ●tandasd llght ●ouroa of variablo lntwmlty and ● lnesns fhr-bassd
optloal multiahamal analymr (Prinaaton Ap lid naaoacoh -l --3).

!
The tranmfar

aurva for biao Volta @ in tha ranga Cm - 0 to +90V in s- in ?lg, 4.
c

Tha more to -SOV
portion oorrasponds rovarmo bias ●nd tha mro to +SOV oarrompondm to fomwd bias. Par
ideal shuttar oontrol, tha rovarmo bias ranm ●hauid provida qhto ●ppromion of phato-
uathnda ●nission whilo tha famard bias should produoa ● linear gain funationt

small mkaw omission ●t ●all rawr~a vo~.taws (% -as Lo W ad wR4~’m = gain was
obsorvod tram ●ithar VMO or I= units. Thim wam unospaetod momma tha ●narqy ran- of
inaidont vimiblo photons is 1,5 to 3.a W,
trmamlosi~ ●t near mre bias

Our Qarii.r work3 *S ●haw tm qat~
●lbait with mduoad par fomam%$ , Por smmii forward

voltt~o ( W to +W tha ?EP4 is undorgoln c transition
!ing muffio?ont ●loatrio fiald ●arom tha pho oaathoda-t- J

J%.* cmseiat&fl with ●mtablimh-
in dap to allow pmotrmtlon of



photos lcatrom into th9 MC?. Sliqhtly lar~r voltagas (~ +15V to +20V) a.r9 ~- for
proxitity focwi~ to b ●stablislwd. Beyond +20V, gain inoramaos linaarly witfI vol~
●nd ramolutian ●howa only a wak &pm&noa on wlta~.

Tasts wor@ prfomd to maauro t- ●ffootiwnoss of aur~tly rwad NWT bias airoultry
(Fiq. 3) in s~rassing pho~thoda oaission. Tha rovorsa biros Hti-tAr,
vi&8 ● voltq8 ruiq9 frm O to ?

9 P-
-50 volts b9~ plJat81atha& U14 mia~ 1 p ats imt

to koap the HC?T quimm~ntly mhut~rad off. For qatimg tha ~ aa, s forwmd-bia.si
noqativa 80V 1.5 ns ?MWM ats puIsO (Fig. 5) is AC-

! ‘7
zladthma@c lMdc2totln tQ-

cathoda. Ths ●lqabraia d fforanca baten tho qata BU w ~lit~ ●nd tha statia rwarao

‘d
-’l=

an!
Pulooa? m lMOO

lntk

(d%-1.OMa)
(RS ~Toa) %i?a2$-

J’: AWlbOV
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W.hB?’
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Plq, 2. Spactrum of CU sourao u8.45
for opacity cxparimonts.
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SCHEMATIC FM 100jAA MCPT W UIVIDER

Fig. 3. H,tgh Voltaqo dividar oirouit umd
for biaaing MCPTB. Volt figmm ●hwn
●ro -asu.rod vmluoa under load with
MC?T in MM dark.

Fig. 4. 14WT ph8phor optioal ●norqy v9r81ta
Plmtoaati-tm MCPin bla~ far aonmtant
input intensity.



alms ~ oaMi!i!sAm-

Fig. 5. Ava18nch@ gata pulsar for ~atinq Fig. 6. Biamma ●otablimhed
MCPT8 divider and pulsar

by combining
c~rcuitm. -

Two ●tandard oonfigurmtion MCPT8, ITT F4111 ●nd Varo 5722-11 w9r8 omratcd in tho AC or
gatod modo (non-gatad phase) with high voltagm appliad but with 10 gate PU18Q so the tube
should ~ ●hutterad off over tho rang. of ravar80 biam providad by R4. Tho MCPTwaa than
strobed with & high intensity short duration Xmnon flamh (sac Fig, 7) and the phosphor
●ignal wam racorded by an Sb2S3 FPS vidicon fiber optically couplad to the MCPT. The
88ria8 of video 8c8n-line photograph in Fig. O nhow that when the MCPT and phomphor have
voltagem acrocs than (both are aetiva ●nd ready to provido gain for any ●lectrons that
raach thorn) the laaka~~ photoemimmion im amplified ●van though the MCPT ir assumed to be
off and no gato PUICQ im applied. The Varo unit ●ppeared to ba leas ●ffectively biamed
(allow@d more leakage photc+amission) than the ITT unit, at indicated W the larger ND
filters required to give the sanm amplitude ●m for the optical feedthrough ●ignal.

Bacau8e of gain, the difference in gated or DC modm ●ignal amplitude V8 optical through-
put with no HV ic groatar (by an amount ●qual to th@ gain of the tube) than the optical
shutter ratio. Thio is also shown

Ant:i:;lf”
For typi~al ITT ●nd Varo unit-, tha DC mode

mignal for Max MCP gain ie from 101 ●tronger than tha optical fe~dthru. Fcr thaaa
Bma MCPTB, the optical ●butter ratio is from 106 to 107,

Th@ gain dependence on revarm biam waa f~rther analy8*d using the s~tllp mhown ili Fi . 90
?w EGkG 550 radiometer was urnod to maasuro pho8pl~or brigntnena at tha center of the opt cal

qato ●t several r~ ‘Irse bias voltages with fixed gate amplitude (rafer to Figs. 5-7 for
clarification of ●c~ual divia~on betwem forward and reverao bia8e8). Tha
different MCPTm, ITT SN 14-311/4 ●nd Varo SN 324054 arm found in Fig. 10.
unit ●ppeara to ba more ●ffectively biaaecl off than tha Varo unit at lower
●ottinga.

plots for two
Again, the ITT
revmraa-biaa
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Fis. 7. 8@tup for hotocathode leakaga ●mission ●xporimant,
L

The light ●ourca i- a General
Radio Stro , Model 1539-A. Tha vidicon ooupled to the MCPT phomphor meanuren
phoophor signal induc~d by photoolectrono which ●ra not auppresued by the reverse
bian,
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Fig. 0. Non-qmtod loaka~ tmimsion versus rworso bias for two MCPTm. ?mrt ● .
for ● Varo HCPT ●howm poorar suppromsion than for I= s-la, part b.-

DYnmmie $huttarinq

Btatia shutter ratiom ●a msasurad by firm obtaining ●

1
ivm si~al mlitudo in th9 DC

nods for a known optiaal intinmity. Then tha shutter tuba s oporatod in th9 #atod (AC)
nmda but in it8 non-sated pha- and t~ input intmstty h Inarsassd until tbammo ●lgnal
●~lituda L- obtainsd. Th8 ratio of tha two intonsitims, mrroatod for tha diffaranoa in
AC ●nd DC qaino, is tlw ●huttar ratio.

1’



Uki
Fig. 9. setup for remeasuring MCPT Fig. 11.

gain profiles throughout an
optical 9at~ •~q~n- ●’
functionm of gate ti- and
gate biaa.
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(zero) of optical gate.
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Fig. 13. Gain relative to cent@r (zero) of optical gate for two MCPTE at threa rewrsa
bias lavels,



* data (Pig. 13) ●m similar Wi
TM r@ging h ●ttributed to mbotrioal rd

of th, Optioal gats ●t 1= ●ipl qlitud98.
I@ma fra p@sr W* pwlm toruinatioa. Tlw

vswtor -Ltivity of tho S2T vidim pomittsd tracking * W* truwmiodon ●t lmr
ph-pbor miuioai 1QV91O. A180, th9 M-lLM dy9 l-r proviW -n wthal pow9r/pulOm
than th@ ?U-10 18sar dhd8 mmulting in tkm lcm~r plot in Pig. 12.

CWaolu8im8

T
i-l f~th~ •otabli~s ~ -r limit of wof~as for MCFTs and sITVS when

* ight pulsa La -1 to or ahorWr thna th optical ga-. For liqht pul-m kngar than-
- gats, tha f-dth~ cigaal inwgrstad -r tk tima duration of tha li~ht corqarod
with tlw gatod ●igaal iaxatod for elm qats duration @wm a firmt approximation ●ffoct
of foodthroq .

tiak~ photooathoda tiamion .atablimlnm anothar l~r-lmml th~mhold. ~O~UCS Of tha
sharing ●ffsot (of statio and gatad volt~a) b9two8n rovorsa and fo~ard blanm, ●ignal
1.-1s within * gata vary non-linearly &m functions of (11 gatod qain dus to Increasing
fommrd voltaga and (2) lo- gain fr= Simultmmusly dacraasinq ravaraa voltage. out-
●ida tlta gat., lmakaga omimmien ~lifioatlon 18 a function Of revsrme biam.
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